Recent studies have suggested that T cells play a critical role in the pathogenesis of psoriasis. Guttate psoriasis is a well-defined form of psoriasis frequently associated with streptococcal throat infection. This study tested the hypothesis that T cells in acute guttate psoriasis skin lesions may be activated by streptococcal superantigens. Peripheral blood as well as lesional and perilesional skin biopsies were analyzed for T cell receptor Vfi repertoire using monoclonal antibodies against 10 different V8 families. Skin biopsies from all patients with acute guttate psoriasis, but not skin biopsies from patients with acute atopic dermatitis or inflammatory skin lesions induced in normal subjects with sodium lauryl sulfate, demonstrated selective accumulation of Vfi2+ T cells (P < 0.05). The expansion of V.82+ T cells occurred in both the CD4+ and the CD8+ T cell subsets.
Introduction
Psoriasis is a chronic inflammatory skin disorder associated with significant morbidity and occupational disability, affecting nearly 2% of the general population. The characteristic skin lesion in psoriasis consists of persistent erythematous plaques due to the infiltration of inflammatory cells and increased proliferation of keratinocytes (1) . Immune activation, particularly of T cells, is thought to play a critical role in the pathogenesis of psoriasis. This concept is supported by the following observations: First, histologic examination of early skin lesions has demonstrated that epidermal hyperplasia is preceded by the infiltration of T lymphocytes and macrophages into the skin (2) . Furthermore, T lymphocyte clones grown from psoriatic lesions release growth factors that induce keratinocyte proliferation (3) . Second, certain subtypes of psoriasis exhibit a strong association with particular HLA types (4) . Third, immunosuppressive drugs which inhibit T cell activation and cytokine secretion such as anti-CD3, corticosteroids, and cyclosporine A are very effective in treating psoriasis (5) .
Despite increasing data supporting the concept that psoriasis is immunologically mediated, the actual early events that trigger this common skin condition are poorly understood. Guttate psoriasis is a well-defined form of psoriasis which erupts suddenly and is frequently associated with a preceding history of streptococcal throat infection or a rise in serum antistreptococcal titers (6, 7) . Due to the acute nature of guttate psoriasis and its strong association with streptococcal throat infection, this disease offers a unique opportunity to link the nature of the T cell activation in this subtype of psoriasis with a potential etiologic agent. Recent studies demonstrating that streptococcal M proteins and streptococcal pyrogenic exotoxins (SPE)1 act as superantigens provide a potential mechanism by which streptococci could mediate the activation of skin-infiltrating T cells and monocytes in at least a subset of patients with psoriasis (8-10).
The term "superantigen" refers to a group of microbial antigens that cause the marked expansion of T cells expressing specific T cell receptor (TCR) [3 chain variable (V,6) gene segments (for review see reference 10). In this regard, a recent report by Lewis et al. (11) described a marked overrepresentation of V,32+ T cells in the acute skin lesions of patients with guttate psoriasis. It is important to note, however, that although these data are consistent with a superantigenic process, it does not exclude the possible involvement of a conventional antigen. An important distinguishing feature between superantigens and conventional peptide antigens is that superantigens stimulate T cells almost solely through the V,3 portion of the TCR and therefore induce an expansion of both CD4+ and CD8+ T cells.
Other variable elements (DO3, Jo3, Va, Ja) of the TCR are not generally involved in superantigen recognition. This is markedly different from T cells activated by most conventional peptide antigens which frequently results in an expansion of only a subset of CD4+ or CD8+ V,/-expressing cells with limited 1. Abbreviations used in this paper: SPE, streptococcal pyrogenic exotoxins; SSA, streptococcal superantigen; TCR, T cell receptor; V/3, variable region of the TCR ,3 chain.
TCR junctional diversity. The present study was therefore carried out to determine whether V/32+ T cell infiltration could be confirmed in an independent population of patients with acute guttate psoriasis from whom streptococcal isolates were characterized and to assess whether this increased V132 expression was consistent with other features of superantigen stimulation.
Methods
Patients. 10 adult patients (6 females and 4 males) with acute guttate psoriasis were studied. Their age ranged from 26 to 41 yr and their extent of skin disease ranged from 20 to 70% of their body surface area. Acute guttate psoriasis was defined as the sudden eruption of small (< 2 mm) erythematous macules which evolved into the parakeratotic maculopapules of psoriasis. In the majority of patients, the onset of the rash was preceded by a sore throat associated with either a positive throat culture for group A l-hemolytic streptococcus or elevated serum streptozyme titers. Their guttate psoriasis improved or completely cleared after oral antibiotic therapy. Blood as well as skin biopsies of untreated lesional skin and uninvolved perilesional skin of early acute guttate lesions (< 1 wk old) were taken from 8 of the 10 patients. Perilesional biopsies were obtained 1 cm from the skin lesion. Streptococcal isolates, but not skin biopsies, were obtained from the remaining two patients. As a control for inflammatory skin lesions, lesional and perilesional skin biopsies were procured from six adult patients with atopic dermatitis diagnosed according to the Hanifin and Rajka criteria (12) . In addition, biopsies were obtained of irritant skin reactions induced in six normal subjects by sodium lauryl sulfate. In these experi- (13) . The presence of the SPEA and SPEC genes encoding for SPE proteins was determined by PCR as described previously ( 14) . Inasmuch as all group A streptococcal strains harbor the SPEB gene, its detection by PCR would be noninformative. Thus, the expression of SPEB was determined by Ouchterlony immunodiffusion assay as described previously (15) . mAbs. mAb Leu4 (CD3; Peridin chlorophyll-a protein, i.e., PerCP), Leu3a (CD4; FITC, PE), Leu2a (CD8; PE), G1CL (mouse IgGl control; FITC, PE), and G2GL (mouse IgG2 control; FITC, PE) were obtained from Becton Dickinson Immunocytometry Systems (San Jose, CA). Biotinylated or unconjugated mAbs specific for TCR V/i2, Voi13.1, Vl617, and VPil19 were obtained from Immunotech (Westbrook, ME); mAbs directed to TCR V,63, Vl#5.1, Vl65.2, V,66.7, V/i8.1, and Vil12 were obtained from T Cell Sciences (Cambridge, MA). For tissue staining, an IgG anti-Vl62 antibody was used (kind gift from Prof. Arthur Boylston, University of Leeds, Leeds, United Kingdom).
Assessment ofperipheral blood T cell repertoire. PBMC were isolated from heparinized blood by Ficoll-Hypaque density gradient centrifugation. TCR V,6 repertoire on freshly isolated PBMC were assessed by two-or three-color immunofluorescence on a FACScang flow cytometer (Becton Dickinson Immunocytometry Systems) using FITC, PE, and PerCP as the three fluorescent parameters as described previously (16) (17) (18) . List mode multiparameter data files (each file with forward scatter, side scatter, and three fluorescent parameters) were analyzed using the LYSIS II Windows program. Negative control reagents were used to verify the staining specificity of antibodies. The percentage of T cells bearing each TCR V,6 phenotype was expressed as a percentage of total T (CD3+) cells.
Immunohistochemistry. Skin biopsies placed in OCT compound (Miles, Inc., Elkhart, IN) were flash frozen in liquid nitrogen and stored at -800C. 4 mm cryostat sections were cut, dehydrated in acetone for 10 min, and air dried. Sections were incubated for 30-60 min at room temperature with the respective anti-Vf3 mAb or anti-CD mAb. Sections were then washed and stained by the labeled avidin biotin method as described previously (19, 20) using peroxidase-labeled streptavidin (Dako Corp., Carpinteria, CA). Afterwards, sections were counterstained with hematoxylin and mounted. For two-color staining, the sequential staining method developed by Wagner and Worman (21) was used with anti-Vf staining demonstrated by fast blue BB-naphthol AS-MX, and anti-CD4 or CD8 staining demonstrated by fast red TR-naphthol AS-BI phosphate. Control antibodies were tested on step sections of the same tissue specimens. The negative staining controls were isotypespecific mouse immunoglobulins with irrelevant specificity. Normal human tonsil sections were used as positive controls for V13 T cell staining and CD antibodies. All lymphocyte counts of stained sections were performed without knowledge of the subject's identity or condition. Two different investigators evaluated the skin biopsies. Interobserver variation was < 5%. Results are expressed as a percentage of CD3, CD4, or CD8 reactive T cells.
Cloning and sequencing of TCR f3 chain junctional regions. Total RNA (5-10 IHg) was extracted from homogenized skin biopsies by using Ultraspec RNA isolation solution (Biotecx Laboratories Inc., East Houston, TX). Reverse-transcribed total RNA (0.2 Mg; cDNA) was amplified by PCR using primers specific for the V,62 TCR family and for the 3' Cf3 primer as previously described (16, 17) . The sequences of the primers were 5'-GGGAATTCTCATCAACCATGCAAGCCT-GACCT-3' for VP2, and 5 '-GGGATCCTTCTGATGGCTCAAACAC-3' for Cfl. The V/i and Cil# primers carried EcoRI or BamHI sites, respectively (underlined). After 35 cycles of PCR, amplified 13 chain fragments were extracted with phenol-chloroform and precipitated with ethanol. Purified fragments were then digested with EcoRI and BamHI, ligated into plasmid pTZ18R (Pharmacia LKB Biotechnology Inc., Piscataway, NJ), and cloned. Double-stranded plasmid DNAs were prepared by alkali-lysis method and acid phenol extraction and were sequenced by Sequenase Ver2.0 kit (United States Biochemical, Cleveland, OH) following the manufacturer's recommendations (22) .
Statistical analysis. Since the distribution of TCR VP expression often exhibited departure from normality, analyses were based on the natural logarithm of the T cell scores. Site (lesion versus perilesion) dependent differences in T cell expression for the guttate psoriasis group for each VP3 family and comparisons between the three study groups on lesion and perilesion site differences were made using repeatedmeasures ANOVA. Fisher's protected least significant difference was used to evaluate significant differences between pairs of means. The proportionate difference in SPEC positive-production between the present guttate psoriasis streptococci and toxic shock syndrome streptococci was assessed with a x2 test. P values of < 0.05 were considered statistically significant.
Results
To determine whether acute guttate psoriasis is associated with the expression of a particular TCR VPi family, T lymphocytes in peripheral blood and frozen skin sections from eight patients with guttate psoriasis were analyzed for reactivity with mAbs specific for 10 TCR VP3 families (Fig. 1 ). The T cell repertoire in the peripheral blood of these patients was similar to our previously published values on normal subjects (16, 17) To determine the specificity of V/32 expansion in guttate psoriasis, we analyzed the expression of Vf32 in skin biopsies from patients with acute atopic dermatitis or inflammatory reactions induced by 48-h sodium lauryl sulfate skin tests on normal individuals. As shown in Fig. 3 , biopsies of perilesional and lesional skin of patients with acute guttate psoriasis demonstrated significantly higher (P < 0.01) percentages of V/32+ T cells than biopsies of perilesional and lesional skin of patients with atopic dermatitis or sodium lauryl sulfate-induced irritant skin reactions.
Superantigens generally stimulate T cells that bear a particular V/8 element independent of other cell surface proteins. Thus, superantigens usually stimulate TCR VJ3 expansion in both the CD4+ and CD8+ T cell subsets. We therefore analyzed the V/3 repertoire in CD4+ and CD8+ T cells by a two-color alkaline phosphatase staining technique in frozen skin biopsies (Table I ). Overrepresentation of Vf32+ T cells was observed in both the epidermis and the dermis. Another important characteristic of superantigenic stimulation, as compared with stimulation by conventional peptide antigens, is that superantigens stimulate T cells almost exclusively through the VP3 portion of the TCR and therefore induce. an expansion of T cells independent of their TCR junctional regions (for review see reference 10). This is different from T cells activated by most conventional peptide antigens which frequently results in an expansion of only a subset of Vf3expressing cells with limited TCR junctional diversity.
To test the hypothesis that guttate psoriasis is triggered by a superantigen, we cloned and analyzed the sequences of random cDNA clones containing PCR-amplified Vf32 chain genes of T cells from the skin of three patients with acute guttate psoriasis. In these experiments, RNA was directly extracted from skin biopsies of three patients in whom between 34 and 71% of T cells expressed V132 as determined by mAb reactivity with immunoperoxidase staining (Fig. 1 ). 60 
Sodlum Lauryl Sulfate Guttale Peoeals
Atopic Dermadltls Skin Teat In Normals Figure 3 . A comparison of T cell receptor VB2 expression in lesional versus perilesional skin of patients with guttate psoriasis versus atopic dermatitis, or sodium lauryl sulfate-induced skin test reactions in normal subjects. * As a group the Vf32 expression in skin biopsies from patients with guttate psoriasis was significantly greater than in biopsies from the other two study groups (P < 0.01).
were derived from these 3 patients. Since there was a 3-7-fold increase in Vf32+ T cell expression in their skin as compared with peripheral blood, in a clonotypic expansion of V32+ T cells, 67-87% of the clones would be expected to have identical junctional sequences. However, as shown in Table II , none of the VB2 clones had the same junctional sequence, and considerable diversity among the sequences within each individual was apparent. The CDR3 regions varied greatly in terms of residue number and sequence, and a conserved motif was not apparent. Finally, we isolated group A Streptococci from seven patients with acute guttate psoriasis. As shown in Table III , there was no common M or T type among these isolates. Furthermore, these isolates did not consistently produce either SPEA or SPEB. However, all seven isolates produced SPEC, a superantigen known to induce the expansion of T cells expressing the VP2 gene segment (22) . Of interest, several of the isolates also secrete SPEA or SPEB which are known to stimulate V,68+ T cell expansion (9, 23) . As a comparison, we have previously analyzed 34 consecutive isolates of group A streptococci from toxic shock syndrome patients (24) and 75 isolates from streptococcal infections other than toxic shock syndrome (25). The streptococcal toxic shock syndrome isolates predominantly expressed M protein types 1 and 3, and consistently produced SPEA and SPEB, but only occasionally produced SPEC. Using a X2 analysis to compare the proportion of SPEC-producing streptococci in our guttate psoriasis patients versus the previous group of streptococci from toxic shock syndrome patients (24), a significant difference was observed between these two groups of isolates (P < 0.0001). Of the 75 isolates from a variety of other streptococcal diseases only 30% made SPEA, 63% made SPEB, and 67% made SPEC (25).
Taken together, these data suggest that streptococci isolated from guttate psoriasis versus toxic shock syndrome have significantly different profiles of superantigen expression and that isolates associated with guttate psoriasis are more like isolates from other streptococcal infections. The complete nucleotide sequence of SPEC from one of the guttate psoriasis isolates was also determined (data not shown). The translated amino acid sequence was the same as that previously seen for SPEC (26) .
Discussion
Previous investigations have identified a number of factors which may play a role in the pathogenesis of psoriasis. These include keratinocyte proliferation, vascular endothelial activation, T lymphocyte activation, neutrophil infiltration, and activation of dermal macrophages. Many of these pathologic features, however, likely reflect downstream events which have occurred as the result of immune activation and skin inflammation. Indeed, careful histologic examination of early psoriatic lesions has demonstrated that activation of T lymphocytes, endothelial cells, and macrophages precedes epidermal proliferation (2) . Furthermore, immunosuppressive drugs such as cyclosporin and FK506, whose primary action is the selective inhibition of cytokine production by activated T cells, are effective in treating psoriasis (5) . Treatment with anti-T cell mAbs has also been found to clear psoriatic lesions (27) . Conversely, T cell clones derived from psoriatic skin lesions can promote keratinocyte proliferation in vitro (3).
The mechanisms by which T cells, keratinocytes, and macrophages achieve and maintain their activated state in psoriatic skin lesions are poorly understood. Although multiple factors may contribute to the exacerbation of psoriasis, there are many reports suggesting that bacterial infection can trigger this illness (6, 7, 28, 29) . The relationship between bacterial infection and exacerbation of psoriasis is perhaps most clearly demonstrated in guttate psoriasis where there are multiple reports demonstrating that acute exacerbation of guttate psoriasis, in the majority of patients, is preceded by antecedent infection with group A streptococci and rises in serum antistreptococcal titers (6, 7) . Patients with this form of psoriasis frequently improve with systemic antibiotic therapy (30) .
In support of these clinical observations, Cole and Wuepper (31) first reported that alcohol precipitates of cell-free culture filtrates from Streptococcus pyogenes (strain NY-5) induced increased keratinocyte proliferation after intradermal injection into rabbit skin. These culture filtrates also had marked mitogenic activity upon human cultured lymphoid cells and are now known to have contained high levels of the streptococcal superantigens, SPEA, B, and C. Subsequently, it was reported that psoriatic lesions could be induced by intradermal injection of small amounts of killed streptococcal material (28) . Furthermore, in vitro, both guttate and chronic plaque psoriasis patients have been shown to have enhanced T lymphocyte responses to group A streptococcal antigens (32) . These observations suggested the hypothesis that bacterial toxins derived from streptococci, acting as superantigens, could mediate the activation of infiltrating T cells and monocytes in at least a subset of patients with psoriasis. In this report, we have demonstrated that there is selective accumulation of V,32+ T cells infiltrating into the perilesional and lesional skin of patients with guttate psoriasis. This bias for the use of V/32-encoded gene products was not seen in perilesional or lesional skin from patients with atopic dermatitis, or inflammatory skin lesions induced by sodium lauryl sulfate in normal subjects. No increases in V,82+ T cells have been observed in normal skin although VP 1, -7, -14, and -16+ T cells have been reported to be frequently highly expressed in normal skin relative to peripheral blood (33) . Thus, the observed V/32+ T cells in guttate psoriasis skin lesions do not appear to be due to nonspecific skin inflammation. We used immunocytochemistry and mAbs directed against specific TCR V/3 families to avoid the criticism of selection bias that has been associated with use of semiquantitative PCR techniques to analyze VP repertoire. The 10 mAbs used in this study detect 50% of the T cell repertoire. Therefore, a potential criticism of our study is that we could have missed the increase of a VP family that was not stained for with our panel of mAbs. This would appear unlikely because V,62+ T cells accounted for over 50% of the T cell infiltrate in some lesions. Furthermore, in selected skin lesions, we have used a previously published semiquantitative PCR technique to analyze TCR repertoire in guttate psoriasis lesions and found primarily overexpression of the V/62 gene product (Trumble, A. E., and D. Y.
M. Leung, unpublished observations). Our data are consistent with a report by Lewis et al. (11) who also described a increased expression of V,32+ T cells in the acute skin lesions of patients with guttate psoriasis. In our study, however, we provide further support for the concept that the V/32+ T cell expansion in guttate psoriasis is the result of superantigen activation. In this regard, we have found that there was selective expansion of V/32+ cells in both the CD4 and the CD8+ infiltrating T cells in the dermis and epidermis of guttate psoriasis skin (Table I) . More importantly, sequence analysis of TCR /3 chain genes of V,62-expressing T cells in the skin from patients with guttate psoriasis showed extensive junctional region diversity (Table II) .
In view of the marked selective expansion of V,62+ T cells in acute guttate psoriasis, the extensive /3 chain junctional diver-sity suggests that these V/3s play a dominant role in recognition.
This type of recognition is not characteristic of responses to most peptide antigens (10) . A complex response to multiple antigens or epitopes seems unlikely since multiple VP3 regions would be expected to be involved. Taken together, this high frequency of response and the prominent role for V32 are most consistent with the hypothesis that T cell activation during the acute phase of guttate psoriasis is mediated by a superantigen which induces VP2 expansion.
To identify a superantigen which might be involved in the activation of V,32+ T cell activation in guttate psoriasis, we analyzed streptococcal isolates from these patients by M typing and secretion of pyrogenic exotoxins A, B, and C. Similar to previous studies, streptococci from our patients did not express any consistent M protein type (34) . Some of the isolates secreted SPEA or SPEB, which could explain the expansion of V/38 seen in some patients. Interestingly, all streptococci secreted SPEC, a superantigen known to stimulate the marked expansion of Vf32+ T cells (23) . We did not test isolates in this study for two recently described superantigens, streptococcal superantigen (SSA) and SPEF (35, 36) . It is highly unlikely that SSA was made by all of the isolates in this study since it has been shown that only selected M types of streptococci, not including Ml and M18, for example, make SSA. In contrast, all of the isolates in our study likely also made SPEF since in addition to SPEC all isolates tested in a previous study (36) from a variety of streptococcal diseases made SPEF (35) . SPEF stimulates T cells bearing V/62 as well as V/34, 8, 15, and 19 . However, the consistent expression of SPEC by streptococci from guttate psoriasis patients suggests that it may have an important role in the pathogenesis of this disease.
Although a remarkable accumulation of V,62+ T cells has now been reproducibly found in independent studies to occur in the epidermis and dermis of patients with guttate psoriasis, analyses of T cell repertoire in the skin lesions of patients with chronic plaque psoriasis have yielded inconsistent results. In one study, Chang et al. (37) found that CD8+, but not CD4+, T cells in the epidermis of psoriatic plaques from five patients preferentially used Vf3 and/or V/.13.1 genes. Sequence analyses of these two VP) genes demonstrated monoclonality or marked oligoclonality. In two patients in which V,/3 and/or V,6313.1 was not increased, an increase in V/317 gene use and clonality was found. In a separate study, by Boehncke et al. (38) , only three of nine patients with chronic plaque psoriasis showed evidence of TCR VP3 skewing of their skin-infiltrating T cells. In these cases, there was a marked accumulation of intraepidermal V,319 and/or V,/22+ T cells. In contrast, the study by Lewis et al. (11) reported a predominance of VPQ2+ T cells in the skin infiltrate of the majority of patients with chronic plaque psoriasis. These data suggest that the host factors and immunologic triggers likely differ in guttate versus chronic plaque psoriasis.
In the case of acute guttate psoriasis, induction of psoriatic lesions occurs after pharyngeal infection with superantigen-secreting streptococci. To date, we have been unable to recover streptococci or staphylococci from the local skin lesions of these patients (Leung, D. Y. M., J. B. Travers, and D. A. Norris, unpublished observations). Since these patients do not develop toxic shock and there is no evidence for V/6 expansion of circulating T cells, we postulate that after streptococcal pharyngitis, skin-seeking T cells are induced in lymph nodes draining the pharynx, i.e., at a site distant from the skin. After activation, these T cells then home to the skin via (CLA)/E-selectin inter-actions and may be locally activated further in psoriatic patients by a skin-specific antigen that is recognized by Vf32+ T cells. This hypothesis is consistent with our observation that the percentage of V,62+ T cells in the perilesional skin was higher than that found in the actual guttate psoriasis lesion. In further support of this concept, we have also found recently that SPEC and other bacterial superantigens potently induce the expression of the skin homing receptor (CLA) on T lymphocytes, in an IL-12-dependent manner (18) .
Nearly 70% of patients with guttate psoriasis develop chronic plaque psoriasis. In such patients, superantigens may activate skin-infiltrating autoreactive T cells which remain persistently activated due to the abnormal recognition of specific skin antigens (39) . The additional factors which determine whether patients have self-limited guttate psoriasis or develop chronic plaque psoriasis are unknown but presumably depend in large part on host genetic factors which are involved in antigen-binding, e.g., HLA molecules, as well as the actual antigen-triggering T cell activation. Indeed, chronic psoriasis has been associated with the HLA-Cw6 allele and a raised incidence of DR7 (4). Recent oligonucleotide typing studies have also revealed a strong association with the extended HLA-DRB1 *0701/2,DQA1 *0201,DQB1 *0303 haplotype (40) .
The previous reports documenting the involvement of CD8+ T cells bearing different TCR Vfs, that are clonally expanded in chronic plaque psoriasis, suggest that these T cells have been expanded in situ in response to an antigen(s) in the skin. Potential candidate skin autoantigens include keratins (41 ) or carbohydrates (42) , which have crossreactive determinants with bacterial antigens. Alternatively, some bacterial-derived superantigen may be accumulated by either cutaneous professional (43) or nonprofessional antigen (44) presenting cells and thereby may locally activate the T cells to induce keratinocyte proliferation. Of interest, there have been reports of patients with plaque psoriasis who had exacerbation of their skin disease after cutaneous infection with superantigen-secreting S. aureus or Candida albicans (20) . Since the perilesional skin, which has increased V,62+ T cells, does not necessarily become a lesion, there is probably a second event in the skin which is needed for complete evolution of the clinical psoriatic skin lesion.
In conclusion, our study provides strong evidence that guttate psoriasis is triggered by streptococcal superantigen(s). The extent to which other types of psoriasis are also induced by superantigens requires further study. It is highly likely, however, that psoriasis will be associated with a number of microbial and nonmicrobial triggers. The inability to find microbial triggers for other forms of chronic psoriasis may stem from the lack of a clear starting point to their disease. Acute guttate psoriasis may therefore be an important model to examine early events in the triggering of psoriasis. Identification of the T cells and triggers involved in psoriasis will be critical for the examination of early upstream events involved in its pathogenesis and allow the development of more effective and specific therapeutic targets in this important skin disorder.
